Introduction
At present, in the Japanese population the proportion of elderly people is growing, while the birthrate is declining (1) . The World Health Organization defines the elderly population as persons with a chronological age of ≥65 years (2) . The statistics indicate that the proportion of people aged ≥65 years in the total Japanese population was 24.1% in 2010 (3) . As recorded in the registry of the Musculoskeletal Tumor Committee of the Japanese Orthopedic Association, the incidence of malignant bone and soft tissue tumors is increasing (4) . Aging itself is a strong predisposing factor for the development of numerous types of malignant tumors (5) ; in addition, the incidence of these tumors increases progressively with age (6) .
Aging has been reported to be an indicator of poor prognosis in the treatment of bone and soft tissue tumors (6) (7) (8) ; in general, this was thought to be due to reduced physiologic function and a decreased general tolerance to cancer treatment in elderly patients. The majority of orthopedic oncologists are likely to select less invasive or conservative treatments for elderly patients, especially for those with poor performance status (8) (9) (10) (11) (12) (13) . However, due to recent developments in multimodal medical technologies, including diagnostic modalities, chemotherapy, anesthesia and surgical methods, more elderly patients may be able to undergo surgery with a reduced risk than has previously been the case (8) (9) (10) (11) (12) (13) . There have been few previous studies concerning elderly patients with primary malignant bone and soft tissue tumors (8) (9) (10) (11) (12) (13) . The aim of the present study was to retrospectively analyze the clinical outcomes of elderly patients diagnosed with these tumors and to determine any potential prognostic factors.
Patients and methods
Patients. Clinical data was obtained from 90 patients, aged ≥65 years, with a diagnosis of primary malignant bone or soft tissue tumors (bone, 20 cases; and soft tissue, 70 cases), treated between March 1993 and May 2013 at the Department of Orthopedic Surgery, Osaka City University Hospital Affiliated to Osaka City University Garduate School of Medicine (Osaka, Japan). The data was not fully analyzed until the last follow-up appointment in September 2013. The study population consisted of 46 male and 44 female patients, with a mean age at diagnosis of 75.2±6.8 years (range, 65-94 years). The median follow-up time in the present study was 44.8 months (range, 1-163 months). The present study was approved by the Institutional Review Board of Osaka City University Graduate School of Medicine. Written informed consent was obtained from all patients.
Patient diagnosis.
On initial presentation to the Osaka City University Hospital, patients underwent radiological evaluated using plain radiographs, local computed tomography (CT) and magnetic resonance imaging (MRI) with or without gadolinium enhancement. Distant metastases to the lungs were also checked for using CT. Systemic metastases were screened using fluorodeoxyglucose-positron emission tomography (FDG-PET)/CT. Radiologically, if a malignant tumor was suspected it was recommended that the patient underwent a biopsy procedure. All biopsy specimens of resected tissues were diagnosed by a pathologist with specialized training and expertise in sarcoma pathology, using standard diagnostic criteria for bone and soft tissue sarcoma subtyping (14) . The histological grade was determined according to the four grade system for bone tumors (15) and according to the Federation Nationale des Centres de Lutte Contres le Cancer grading system for soft tissue tumors (16) . The grading system for bone tumors, with the exception of the Ewing sarcoma, was based on the technique described by Broders (15) . Grade 1 and 2 tumors were considered as low grade, and grade 3 and 4 tumors as high grade. With regard to soft tissue tumors, Grade 1 tumors were classified as low grade, and grade 2 and 3 tumors were classified as high grade. The clinical staging of each patient was evaluated in accordance with the American Joint Committee on Cancer 7th edition for soft tissue tumors and bone cancer (17, 18) .
Parameters. The following parameters were evaluated prior to treatment: Age, gender, tumor depth, tumor site, tumor size, tumor type (bone or soft tissue tumor), histological diagnosis, histological grade, preoperative physical status using the American Society of Anesthesiologists-Physical Status (ASA-PS) classification (19) and oncological outcome. Tumor size and location were estimated using MRI and/or CT, and size was classified as <5 cm, 5-15 cm and >15 cm. The ASA-PS scores were assessed by anesthesiologists regarding the risks associated with surgery. Surgical margins of the resected specimens were evaluated according to the guidelines of the Japanese Orthopedic Association (20) .
Patient follow-up. Following treatment, patients were generally followed up at regular intervals of 3 months, with local examination and chest radiographs or CT for the first 2 years post treatment. Between 3 and 5 years post treatment, patients were followed up every 6 months and yearly thereafter. MRI scans were also conducted in order to supplement local examination for the detection of local recurrence every 6 months for first 3 years following treatment. Patients treated more recently were followed up monthly, with physical examination for the first 3 months post treatment and the last patient to undergo treatment in May 2013 was followed up for 4 months. The follow-up time was defined as the interval from the definitive tumor treatment (surgery or radiotherapy) to the last follow-up.
Statistical analysis. Curves for the overall survival of patients with sarcoma following treatment were plotted using the Kaplan-Meier method (21) . The log-rank test was used to compare overall survival between the subgroups of patients (22) . The Cox proportional hazards regression model was used to assess the ability of the patient characteristics to predict overall survival (23) . Univariate analysis was performed by means of the log-rank test. Multivariate analysis was performed using the Cox proportional hazards regression model, including only factors where P<0.1 in the univariate analysis. In all analyses, P<0.05 was considered to indicate a statistically significant difference between values. The SAS system (SAS 9.3; SAS Institute, Inc., Cary, NC, USA) was used throughout to perform the various analyses.
Results
Clinical information. Clinical information for the elderly patients is summarized in Table I . The median patient age at the time of the initial visit to the Department of Orthopedic Surgery, Osaka City University Hospital was 75.2 years (range, 65-94 years); the study population consisted of 46 male and 44 female patients. Concerning the evaluation of preoperative physical status, there were 21 patients who had associated comorbidities with an ASA-PS score of ≥3; of note, cardiovascular comorbidities, including hypertension, ischemic heart disease, previous myocardial infarction and previous cerebrovascular accident, accounted for a number of the total documented conditions (19) . The locations of bone tumors were as follows: Femur, n=5; pelvis, n=5; rib, n=3; sacrum, n=2; humerus, n=2; tibia, n=1; and scapula, n=1. The locations of soft tissue tumors were the lower limb in 38 patients, trunk in 19 patients and upper limbs in 13 patients.
Histological diagnosis. Histological diagnosis of the patients is summarized in Table II . Of the 20 bone sarcomas, 12 were chondrosarcomas, 4 were osteosarcomas, 3 were chordomas and 1 was a round cell sarcoma. Of the 70 soft tissue sarcomas, 39 were liposarcomas, 11 were leiomyosarcomas, 7 were myxofibrosarcomas, 6 were pleomorphic malignant fibrous histiocytomas, 2 were malignant peripheral nerve sheath tumors and there was 1 case each of fibrosarcoma, synovial sarcoma, malignant solitary fibrous tumor, plasmacytoma and epithelioid sarcoma.
Treatment of tumors.
A total of 79 patients underwent surgical resection of their tumors; of which, the surgical margins were evaluated as being wide in 59 cases, marginal in 17 cases and intralesional in 3 cases. A further 11 patients did not receive surgery due to the location of their tumors, which made resection difficult; in these cases, preoperative evaluation indicated that they were in an unsuitable condition for surgery or the patient opted not to undergo surgery. A total of 5 patients received radiation therapy, of which 3 underwent heavy particle beam therapy. A total of 4 patients received chemotherapy and the best supportive care was selected for 2 patient. No patients underwent amputation or disarticulation.
Oncological outcome. All patients were followed up at the Department of Orthopedic Surgery, Osaka City University Hospital. The average follow-up period was 44.8 months (range, 1-163 months). Regarding oncological outcome at the last follow-up, 52 patients were in a continuous disease-free condition, 8 demonstrated no evidence of disease, 13 were alive with disease, 15 succumbed to the disease and 2 mortalities occurred due to unassociated causes.
Prognostic factors. Univariate analysis revealed that ASA-PS was a statistically significant prognostic factor for the overall survival rate of patients (P=0.002) (Table III ). In addition, using multivariate analysis, ASA-PS was identified as a significant prognostic factor (P=0.003), as was tumor grade (P=0.048) (Table IV) .
Survival rates. The 5-year overall survival rate was calculated using the Kaplan-Meier survival curve to be 77.5% (Fig. 1 ). There was no significant difference in 5-year overall survival between patients aged 65-74-years and patients aged ≥75 years (P=0.23) (Fig. 2 ). In addition, no significant difference was identified between tumor types (bone vs. soft tissue sarcoma; P= 0.43); by contrast, a significant difference was observed for the ASA-PS score (P=0.001) ( Fig. 3 ) and tumor grade (P=0.04) (Fig. 4 ). The 5-year overall survival rate for patients with an ASA-PS score of ≥3 was decreased compared with that for patients with ASA-PSs score of 1 and 2 (45.5 vs. 79.7%). Furthermore, the 5-year overall survival rate for patients with a high-grade tumor was reduced compared with that for patients with a low grade tumor (70.8 vs. 95.2%).
Discussion
In Japan, the number of elderly people in the population has been increasing; of note, it was reported by the Ministry of Health, Labour and Welfare of Japan that the average life span is 79.64 years for males and 86.39 years for females (3) . Previously, various factors associated with aging, including decreased performance status and the presence of significant comorbidities, have caused surgeons and medical oncologists to be cautious of using aggressive treatments for elderly patients with malignant tumors. This is due to the belief that an aggressive approach may have greater negative effects on these patients compared with on younger patients (24) . However, with the development of multidisciplinary modalities, there are increased possibilities for aggressively treating elderly patients (25) . In the present study, it was demonstrated that the 5-year overall survival rate for elderly patients with primary malignant bone and soft tissue tumors was 77.5%, which was comparable to those reported in other previous studies. As shown in Table V , Lahat et al (9) reported a 5-year disease-specific survival of 63%, while Kozawa et al (12) reported that the 5-year overall survival was 72% in elderly patients with bone and soft tissue tumors. In addition, Yoneda et al (13) conducted a retrospective analysis involving 158 elderly patients with localized soft tissue sarcoma and found that the overall 5-year survival rate was 83%.
Surgical removal is the conventional treatment method for malignant bone and soft tissue tumors and surgical margins are considered to be an important factor regarding curability (20) . In the present study involving elderly patients with malignant bone and soft tissue tumors, a wide margin was achieved in 65.5%, a marginal margin in 18.9% and an intralesional margin in 3.3% of patients. Previous reports have also demonstrated that a surgical margin without the achievement of a wide margin was evident in 14.3-33.5% of patients (Table V) . This indicates that as a result of age-associated factors, orthopedic oncologists have been obliged to select less aggressive surgery for patients with malignant bone and soft tissue tumors.
In the present study, no patients underwent amputation or disarticulation. This finding may be associated with the Japanese culture, as the majority of elderly Japanese patients and their families refuse to accept amputation, even if curability may be accomplished with amputation; most of these patients choose local radiotherapy to inhibit or control tumor growth as much as possible.
Only 4 cases received systemic chemotherapy in the present study. The European Society for Medical Oncology Guidelines (26) state that adjuvant chemotherapy may improve, or at least delay, distant and local recurrence in high-risk patients. For elderly patients with high-grade bone tumors, the use of chemotherapy is disputed. Adriamycin and ifosfamide remain candidate chemotherapy drugs for treating soft tissue tumors (27) . Elderly patients have been reported to suffer reduced cardiac function and renal dysfunction in response to chemotherapy (28, 29) . Therefore, it is thought that the use of systemic chemotherapy should be limited to elderly patients free of any health problems, due to reduced physiologic function.
The results of the present study indicated that an ASA-PS score of ≥3 as well as the presence of a high-grade tumor were significant predictive factors for poor prognosis. Tumor grade has previously been accepted as being a predictive factor affecting patient survival (Table V) . As a novel finding in the present study, ASA-PS proved to be a factor that may be used to predict poor prognosis when evaluated using univariate and multivariate analysis. Hosking et al (19) reported that, when used as a preoperative evaluation system for the general condition of elderly patients, the ASA-PS score was associated with a poorer patient survival rate (19) . In the present study, Kaplan-Meier analysis also revealed a significant difference in patient survival between those with ASA-PS scores of ≥3 and 1-2. It was therefore suggested that if the preoperative condition of the patient is classified as an ASA-PS score 1 or 2, surgeons should aim to resect of as much the tumor as possible, so that the margin is as negative as possible. The concept of tumor removal may be similar to that in young patients. If the ASA-PS score is ≥3, the general condition of the patient and limb function following tumor removal should be given priority and a less aggressive treatment should be selected; radiotherapy is one potential therapeutic option for the control of malignant tumors in these patients.
The results of the present study confirmed that there was no statistically significant difference in the 5-year survival rate between patients' aged 65-74 years and those aged ≥75 years. Previously, the Surveillance Epidemiology and End Results registries (7) demonstrated that older age was associated with poor prognostic factors. Aging is associated with decreased physiological functions and an increased prevalence of comorbidities (30); these factors may influence the management and outcome of treatment. In Japan, life expectancy for individuals aged 65 years is now 18.9 years for men and 23.9 years for women (1) ; these values are markedly increased compared to those reported a decade earlier (1) . These finding suggested that orthopedic oncologists should reserve surgery exclusively for younger patients.
The present study had several limitations; these limitations include a small number of patients enrolled and that it was a retrospective study performed in a single Japanese institution. In addition, the follow-up period was relatively short for a complete analysis of patient survival. Furthermore, no specific guidelines have been established with regard to surgery, chemotherapy and radiotherapy; thus, treatment plans were determined by several orthopedic oncologists.
In conclusion, the number of elderly patients is continuously increasing in Japan; accordingly, the incidence of primary bone and soft tissue tumors has also been increasing. The present study demonstrated as a novel finding that preoperative risk assessment using the ASA-PS score as well as high tumor grade were significant predictive factors of poor prognosis, whereas older age was not a significant predictive factor. Thus, orthopedic oncologists should not determine the aggressiveness of tumor surgery based only on age.
